Diversity of the ectoines biosynthesis genes in the salt tolerant Streptomyces and evidence for inductive effect of ectoines on their accumulation.
Streptomyces commonly produce ectoines as compatible solutes to prevent osmotic stresses. Fine structure of the genes producing ectoine (ectC) and hydroxyectoine (ectD) enzymes in Streptomyces rimosus C-2012 as a slightly halophilic bacterium is reported in this study. Deduced amino acid sequences of ectC and ectD genes from strain C-2012 and some other related species were compared and 72-90% and 13-81% identities were detected for ectC and ectD, respectively. High similarity of ectC between closely or distantly related Streptomyces to the strain C-2012 may indicate horizontal transfer of this gene. However, phylogenetic relationships of ectD were correlated with phylogenetic affiliation of the strains. It suggests that the ability of Streptomyces to produce hydroxyectoine has been the result of a vertical transfer event. HPLC analysis showed that strain C-2012 was able to produce ectoine and hydroxyectoine both in the presence and absence of external salinity (up to 0.45 M NaCl). Accordingly, reverse transcription quantitative PCR (RT-qPCR) showed that ectABCD operon in this strain is positively affected by salt. Also, inductive effect of the salt was increased when it was applied with 1 mM of ectoines. Transcription level of ectC was increased 2.7- and 2.9-fold in the medium supplied with salt and ectoine and salt and hydroxyectoine, respectively. The effect of salinity with or without ectoines was more on ectD transcription level than that of ectC. In S. rimosus under salt stress, ectoine and hydroxyectoine biosynthesis primarily depends on the stimulation of ectABCD operon transcription. However, drastic accumulation of ectoine and hydroxyectoine without increase in ectC and ectD transcripts was observed in the medium supplied with salt and ectoines and that suggest there might be additional posttranscriptional level of control. Increases in ratio of some intracellular free amino acids in salt stressed to unstressed conditions were observed in cells grown with ectoines. Our results suggest the possibility of a supplementary role of ectoines to improve structure and function of the cells in stressful environments as well as their important role as osmoprotectants.